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Abstract: Producers of pork products are increasingly focusing on fresh meat quality 
indicators to predict the processing quality of cooked ham. Drip loss, colour and pH, are the most 
important quality parameters that are used. The aim of this study was to analyse the relationship 
between fresh pork characteristics and cooked ham quality. A total of 160 hams were randomly taken 
from pig carcasses in a slaughterhouse at 24 hours post-mortem. The hams were deboned and divided 
into 2 muscles: the topside (M. Semimembranosus) and the silverside (Biceps femoris). The muscles 
were processed into cooked hams. The cooked hams were sorted into 3 groups based on the fresh meat 
characteristics: pH (ultimate), colour and transport loss. Averaged processing yields of the grouped 
hams were compared. Also individual processing yields were correlated to the fresh meat 
characteristics. (colour Minolta L* value, ultimate pH and transport loss). This study confirmed that 
PSE meat, with a low ultimate pH, had a decreased Water Holding Capacity (WHC) and increased 
transport loss. During the transportation period the hams from the low pH group lost more fluid than 
the meat from the other 2 groups with medium and higher pH. During the injection and tumbling 
processes the group with the low pH, higher transport loss and lighter meat colour, gained more brine 
than the other 2 groups. All parameters investigated (pH, colour and transport loss) showed that, after 
the cooking process, the low pH and higher transport loss group was unable to retain the free water 
(brine solution) resulting in significantly higher cooking losses compared with the other meat quality 
groups. The final gain of the cooked hams was significant different only for different transport loss 
groups. The study concluded that pH and transport loss parameters investigated can be used to select 
raw material for cooked ham process under commercial conditions. The selected hams (with the 
higher pH or lower transport loss) had a 2.3% higher cooking yield. 
 




The consumer is increasingly putting value on the quality of meat products which 
drives meat producers and processors to do the same (Reynolds-Zayak, 2004). Cooked ham is 
one of the best known and appreciated meat products. Quality of cooked ham is determined 
by various sensory characteristics that are influenced by a number of factors. One of the most 
important factors is the quality of fresh meat used for cooked ham productions (Delahunty et 
al., 1997). 
Fresh meat quality is the result of perimortem muscle metabolism, which is 
influenced by farm management conditions: transport, pre-slaughter handling, stunning, 
processing and cooling conditions of carcasses (Rosenvold and Anderson, 2003). Producers 
of pork products are increasingly interested in predictions of the processing quality for cooked 
ham production by fresh meat measurements. Fresh meat quality has a great impact on meat 
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processing yields and on the final quality of meat products. Drip loss, colour and pH are some 
of the most important parameters to technically describe pork quality.  
Differences in colour, pH and drip loss values of fresh pork meat can be good 
indicators of good or poor processing quality and are used to define the following categories 
of meat: pale, soft and exudative (PSE); red, soft and exudative (RSE); red, firm and normal 
(RFN); dark, firm and dry (DFD). Previous studies (Klont et al., 2003; Rosenvold and 
Anderson, 2003) state the importance of colour, water-holding capacity (WHC) and pH in 
measuring of meat quality. 
WHC is the ability of meat to retain water. This is often measured as drip loss, which 
represents the amount of intra and extra cellular fluid that is lost during further processing, 
storage and cooking of meat up to the final product (Huff-Lonergan et al., 2002; Wayne 
2001). Pork colour is measured by the amount of light reflected by the surface of a muscle 
(Prusa, 2004). The colour, besides reflectance, is influenced by the myoglobin (a protein 
within the muscle that binds oxygen). According to Risyik (1994) pale coloured pork has less 
myoglobin than dark meat. Chizzolini et al. (1996) and Van der Wal (1988) showed that 
colour measurements, especially L* value, gave interesting information about fresh pork 
quality and its products (i.e. cooked pork ham). The L* value of meat signifies the levels of 
brightness between black and white on a scale from 0 to 100, where 0 is black and 100 is 
white.  
In the process from muscle to meat, pH drops from 7.2 (physiological) to a value 
between 5.3-5.8 after 24 hours post-mortem (further called ultimate pH). Changes in pH result 
from post-mortem metabolism, the glycolysis, where glycogen is converted into lactic acid 
(Wayne, 2001). Pork with normal colour and WHC reaches a normal pH of 5.6 and 5.7 within 
approximately 3 to 5 hours after slaughter. In contrast, PSE meat is caused by a very rapid 
drop of pH, while the muscle temperature is still high. Forrest (1998) stated that a ultimate pH 
value of 5.5 or less indicates PSE meat. On the other hand, high ultimate pH levels in meat of 
≥ 6.2 causes DFD pork (Forrest, 1998; Wayne, 2001). Cowan (2010) and Rust (1987) showed 
that ultimate pH can influence the process of protein denaturation and thereby quality 
characteristics of fresh meat like colour and WHC. Furthermore, ultimate pH can affect 
further processing of pork in different ways. When muscle pH moves further away from its 
iso-electric point (5.0 - 5.l), water-binding ability increases and the muscle appears darker due 
to greater light absorbance. Offer (1991) stated that at the same time, when pH decreases the 
drip loss and protein degradation are increasing.  
Quantity and quality are of great importance in the pork industry. Pork producers 
often focused on quantity instead of paying attention to quality, whereas both aspects might 
influence each other. Generally fresh pork quality is not specifically sorted for the process of 
making cooked ham depending on their suitability for this process. All variations of fresh 
pork quality are treated similar during processing. It can be assumed that some qualities may 
be more suited for the cooked ham production because of better water holding capacity. PSE 
has a lower Water Holding Capacity (WHC) that may also influence its capacity to retain the 
brine solution that is injected during the cooked ham production process.  Meat with low 
WHC might not be the best raw material for cooked ham production as it results in lower 
production yields and less financial gain.  
The aim of this study is to investigate the ability of fresh meat quality parameters 







MATERIALS AND METHODS 
 
The research has been carried out in 3 different locations (A, B and C) following a 
special protocol of a cooked ham manufacturing process. At location A in The Netherlands, a 
total of 160 bone-in hams were randomly taken from available pig carcasses at 24 hours post-
mortem. Pigs were electrically stunned and had a slaughter weight of approximately 92 kilos. 
Each ham was deboned and divided into 2 muscles: the topside muscle (M. 
Semimembranosus) and the silverside (Biceps femoris). The deboned ham muscles were 
bloomed for more than 30 minutes in the cutting room of plant A. Colour measurements (L*) 
were performed, with a Minolta (Chroma Meter CR-400, Konica Minolta Sensing Inc.) and 
ultimate pH was measured (MPI pH-Meter, Meat Probes Inc.). All measurements were 
performed in duplicate. The weight of the deboned muscles was measured after which they 
were stored at 4°C and transported to facility B in Germany, where they reached their 
destination after 48 hour. At facility B, M. Semimembranosus and Biceps femoris were 
weighed to determine the transport loss, by using the following calculation principle: (V0–V1) 
/V0 × 100 = Treatment loss or gain %. The indices from the calculation principle are described 
in the table below (Tab. 1).  
 
Tab. 1 
The description of calculations principle for transport loss, injection gain,  
tumbling gain and cooking loss during the production process 
 
Description V0 V1 
 
Transport loss 
Initial weight after deboning,  
24 hours post-mortem,  
location A 
Weight after transport, 
 72 hours post-mortem, 
 location B 
 
Injection gain 
Weight after transport, 
 72 hours post-mortem, 
 location B 
Weight after injection, 
 location B 
Tumbling gain Weight after injection, 
 location B 
Weight after tumbling, 
 location B 
Cooking loss Weight after tumbling, 
 location B 
Weight after cooking,  
 location A 
 
Final gain 
Initial weight after deboning,  
24 hours post-mortem,  
location A 
Weight after cooking,  
 location C 
 
The ham muscles were injected with brine (a water solution composed of 
Phosphates, NPS and Sodium) 19% and weighed again to determine the injection gain as 
percentage by using the same calculation principle shown above (Tab. 1). M. Semi-
membranosus and Biceps femoris muscles were tumbled at a temperature of 0-2°C under 
vacuum for 5 hours. Both muscles were weighed again to determine the tumbling gain or loss 
using the calculation principle described in Table 1. After weighing, the ham muscles were 
wrapped in a plastic foil and placed in metal moulds. Biceps femoris was placed on the 
bottom and M. Semimembranosus on top of it in the metal mould. The lid was pressed down 
on the samples after which they were put on a big trailer and left for 4-6 hours in a cooling 
room (0°-2°C). After this, the trailers were put inside the cooking oven and cooked at 75°C 
until they reached a core temperature of 70°C. The cooked ham muscles were cooled down at 
8°-10°C temperature. After 4 hours the samples were vacuum-packed and stored at 4°C. Six 
days later, the cooked ham muscles were transported to location C in The Netherlands where 
weight measurements were performed to determine the cooking loss and the final gain of the 
samples. The final meat gain was calculated by using the same calculation principle showed 
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above (Tab 1.) The 3 parameters investigated (pH, colour L*,and transport loss) were used to 
group the fresh deboned meat. The mean values were compared with ANOVA and contrasts 
were tested with an LSD-test. Univariate and multivariate regression analysis were done to 
predict cooking loss with pH, colour (L*) and transport loss as predictor variables. 
 
RESULTS AND DISCUSSIONS 
 
The predictive capability of pH, L* value and transport loss in the fresh deboned ham 
muscles was assessed for: injection yield, tumbling gain, cooking loss and final gain. In table 
2 the results for the 3 pH groups during the cooked ham process are shown. For transport loss, 
medium pH group was significantly different from both other groups. Lowest ultimate pH 
group 1 differed significantly from the higher ultimate pH, group 3 for: transport loss, 
tumbling, injection and cooking loss. The results are in agreement with other studies (Offer, 
1991) where PSE pork has a lower pH, which speeds protein denaturation, lowers WHC and 
increases the drip loss. During the transportation period the lower ultimate pH group lost 1.6 
% compared with the ham muscles from the higher pH group. The pH group, however, had 
after injection 1.2% and after tumbling 1.2% more brine retained than the high pH hams.  
 
Tab. 2 
The weight loss and standard deviation (SD) of the meat parts  









loss % (SD) 
Injection 
gain % (SD) 
Tumbling 
gain % (SD) 
Cooking 








(5.5-5.7) 72 2.2 (0.9)b 15.7 (1.3)b 3.5 (1.1)a 11.7 (2.2)b 4.2 (4.1)a 
Higher high (>5.7) 43 1.1 (0.7)c 15.3 (1.5)b 2.6 (1.6)b 10.4 (1.8)c 6.2 (2.9)a 
Note: Different letters between the groups denote significant differences (LSD-test, P < 0.05) 
 
As Table 2 is showing, after the cooking process the higher pH category (pH>5.7) 
had 1.3% lower cooking loss than RFN meat and 2.3% lower than PSE meat (pH<5.5). The 
results of the final meat gain shows that there is not a significant difference (P>0.05) in the 
final gain. Fresh meat pH is depending on the quantity of lactic acid formation and buffering 
capacity of the muscle to neutralize it. Fresh meat with a higher lactic acid content will have a 
lower pH. But it can happen that meat with higher lactic acid content can have the capability 
to buffer the lactic, to neutralize it and to have a relative high pH. Sorting meat on basis of 
ultimate pH will include meat with a higher buffer capacity in the normal or higher meat 
quality category. Table 2 shows that lower pH meat leads to higher cooking losses, which is 
in agreement with the ones of other researcher (Klont et al., 2003; O’Neill et al., 2003). The 
low pH meat, however, gained more brine during the injection and tumbling process than the 
high pH meat. This situation can be explain by looking on the capillarity shape of the meat 
cells. The low pH meat can be compared with a sponge because it contains a lot of damaged 
cells, from where the intracellular fluid can easily go out and it has the capacity to more easily 
absorb brine at a certain injection pressure. However, since the proteins are not bound the low 
pH meat cells do not have the capacity to retain the fluid. The low pH hams will quickly lose 
the free water (brine solution) and do not have the capacity to bind it. On the other hand the 
high pH meat cells are intact, which is why they lose less intracellular fluid during transport 
but also gain less brine during the injection and tumbling processes (O’Neill et al., 2003). 
Finally the high pH group will have a lower cooking loss that the low pH group. 
 356 
 
The average yields and gain were also compared by sorting in 3 groups by average 
colour measurements (Minolta L* value), (Tab. 3). Group 1 (L*<54) and group 3 (L*>58) 
were significantly different for: transport loss, tumbling, injection and cooking loss. For 
transport loss, group 2 (54≥L*≤58) was significantly different from both other groups. 
 
Tab. 3 
The weight loss and standard deviation of the meat during the cooked ham process,  









loss %  
(SD) 
Injection 
gain %  
(SD) 
Tumbling 
gain %  
(SD) 
Cooking 
loss % (SD) 
Final meat 
gain % 




(54-58) 95 1.9 (0.9)b 15.6 (1.5)a 3.5 (1.0)b 11.8 (2.7)b 5.3 (3.5)a 
Lower  
(PSE) high (>58) 37 2.3 (1.0)c 16.3 (1.4)b 3.7 (1.1)b 11.9 (2.4)b 4.5 (5)a 
Note: Different letters between the groups denote significant differences (LSD-test, P < 0.05) 
 
The ham muscles grouped according the colour L* values showed a similar results 
for transport, injection, tumbling and cooking losses as the defined pH groups did. The lighter 
colour group had a more transport loss. These results are similar to those from Klont et al. 
(2003), showing that paler meat results in higher percentage of drip loss. The high-L* group 
with lighter meat retained better the brine solution better after injection and tumbling 
processes than the low-L* group. However after the cooking process, the lighter meat 
(L*>58) was unable to retain the brine resulting in a significantly higher cooking loss 
compared the darker meat category (L*<54). 
The average gain and losses were also compared for the groups made, according with 
their transport loss, which results are shown in Table 4. The averages were significantly 
different for all comparisons between group 1 and group 3, the low and high transport loss. 
Group 2 (1.3%≥ transport loss ≤2%) was significantly different from both other groups (1,3). 
 
Tab. 4 
The weight loss and standard deviation of meat parts during the cooked ham process,  


























(1.3% -2.0%) 45 1.7 (0.2)b 15.3 (1.3)a 3.4 (0.9)b 
11.6 
(2.2)b 5.4 (3.3)a 
Lower 
(PSE) high (>2.0 %) 66 2.8 (0.6)c 16.2 (1.4)b 3.8(1.0)b 
12.6 
(2.7)c 4.0 (3.8)b 
Note: Different letters between the groups denote significant differences (LSD-test, P <0.05) 
 
Transport weight loss values show a similar predictive capacity of fresh meat 
samples for injection, tumbling and cooking process yields as ultimate pH and colour L* 
value did. The outcome of the univariate regressions for the 3 predictive variables was as 
follow. The correlation of ultimate pH measurements for both M. Semimembranosus and 
Biceps femoris against cooking loss had an R-square, r2 =0.148%, P=0.00. The correlation for 





Fig. 1. Prediction of M. Semimembranosus and Biceps femoris ultimate pH  
against cooking loss on individual sample 
 
Colour measurements (Minolta L* value) of the fresh hams showed no statistical 
significant correlation with cooking loss. The correlation between transport loss and cooking 
loss r2 = 0.132, P=0.000, which means that, 13.2% of the total meat variations can be 
explained in relations to cooking loss, see also (Fig. 2). These regression analyses confirm the 
results found with the ANOVA for both pH and transport loss parameter and their predictive 
value for cooking loss. Multiple regression with all three parameters to predict cooking loss 
resulted after parameter selection with backward elimination in a model with pH and transport 
loss. This model was significantly better but r-squared was only increased towards 17%. 
Because of this small improvement in comparison with the prediction based on ultimate pH 
we do not further discuss this results. 
 
Fig. 2. Prediction of M. Semimembranosus + Biceps femoris transport loss  
against cooking loss on individual samples 
 
Ultimate pH and transport loss correlated with cooking loss for both muscles types 
but the explained variance was 14,8% and 13% respectively. Nevertheless the mean values of 
the cooked ham processing traits from different groups formed based on pH, L* value and 
transport loss were significantly different. The categories with a higher ultimate pH or lower 
transport loss had 2.3% less cooking loss. By selecting these hams for the cooking process 
producers gain a significant amount of extra weight, that may result in higher profitability. 
The high variability in the outcome, as seen in the estimated standard deviations for the 
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average and relatively low r-squared, underlines that on one hand there are hams selected, that 
have nevertheless high cooking losses and there are also hams that could have had a good 
gain, but were not selected. Part of the variability in the prediction of cooking loss may be 
caused by measuring bias, as measuring pH in meat is not a very robust method and is 
vulnerable to errors. Some of the variables influencing meat pH selection are: type of device 
used, number of measurements between every calibration of the pH-meter, the correct 
execution of the measurements by personal. Improvement of the measurement procedure may 




The results of the present study showed that pH and transport loss can be used to 
select raw material for cooked ham process. The selected hams (with the higher pH or lower 
transport loss) had a 2.3% higher cooking yield. Therefore selection of fresh meat with a 
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